Effects of protein kinase C activators on germinal vesicle breakdown and polar body emission of mouse oocytes.
Protein phosphorylation mediated by cAMP-dependent protein kinase is instrumental in maintaining meiotic arrest of mouse oocytes. To assess whether protein phosphorylation mediated by calcium/phospholipid-dependent protein kinase (protein kinase C) might also inhibit the resumption of meiosis, we treated oocytes with activators of this enzyme. The active phorbol esters 12-O-tetra-decanoyl phorbol-13-acetate (TPA) and 4 beta-phorbol 12,13-didecanoate (4 beta-PDD) inhibited germinal vesicle breakdown (GVBD), as did a more natural activator of protein kinase, C, sn-1,2-dioctanoylglycerol (diC8). An inactive phorbol ester, 4 alpha-phorbol 12,13-didecanoate (4 alpha-PDD), did not inhibit GVBD. We then examined whether protein kinase C activators inhibit a step in the cAMP-modulated pathway that regulates resumption of meiosis. TPA did not inhibit the maturation-associated decrease in oocyte cAMP. Microinjected heat-stable protein inhibitor of cAMP-dependent protein kinase failed to induce GVBD in the presence of TPA. Both TPA and diC8 partially inhibited specific changes in oocyte phosphoprotein metabolism that are tightly correlated with resumption of meiosis; these agents also induced the apparent phosphorylation of specific oocyte proteins. These results suggest that protein kinase C activators may inhibit resumption of meiosis by acting distal to a decrease in cAMP-dependent protein kinase activity, but prior to changes in oocyte phosphoprotein metabolism that are presumably required for resumption of meiosis. Finally, we compared the effects of db-cAMP and protein kinase C activators on polar body emission following GVBD. TPA, 4 beta-PDD or diC8, but not 4 alpha-PDD or db-cAMP, inhibited polar body emission in a dose-dependent manner. The morphology and cytology of oocytes in which polar body emission was inhibited by TPA or 4 beta-PDD differed from that of oocytes treated with diC8. Thirty to 60% of the former were round in shape and exhibited a clump of chromosomes but no spindle; the remainder were distended in shape and exhibited a metaphase I spindle. All oocytes treated with diC8, however, were round, had dispersed chromosomes, and no spindle. These results suggest that, in contrast to resumption of meiosis, polar body emission is inhibited by activation of protein kinase C but not cAMP-dependent protein kinase.